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ABSTRACT

The v, fundamental band of CHDy, centered ncar 2143 cm-!,

has been recorded at a resolutioﬁ of 0.015-0.025 cu~!. Analysis .

of ground state combination differences has ylelded well-determined

values for the ground state molecular parémeters BO, D J, DDJL,
J t.]]{ KJ 3
Ho ,.Ho , and HO for CliDy. These parameters have been uscd in

(o]

e ‘ B
the .dctermination of the molecular parameters ag, (aé, - as),

¥

SV .
By, th and Bg for wvo.
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Backpround

Triply deuterated methanc is an oblate (IZ>IX:Iy) symmetéic
top belonging to the Czv Group. Therefore, CO is smaller than BO
and both are lavge. Wilmhurst and Bernstein (1) have studicd CHD
in the 900 - 3500 cu-! region under low resolutien. Rea and
Thompéon (2) have analyzed vy and identified up toO QPK {12},
QQK(IS), and QR (ll), but were unable to resolve the K structure

Biass and Edwards (3) have used data from vytvy oblqlncd at 0.05 cm

-1

resolution (with resolved K structure) to determine the ground state

constanfs from ground state combination differences. From 54~
combination differences they obtained the values: B, = 5.2795 cm!,
DgK = -4.0 x 10”5 cmfl, and DJ 5.2 x 10‘5 em~t.

The fundamental Vi is'a para]lcl tpr band correspinding
to the CD3 symmctric stretching mode. Centered near 2143 cm™!,

it is bordered on the high-frequency side by the perpendicular band

vy,

Experimental . -

The spectra were taken with 4 Torr pressure of Clip, in a
12m path at ambicnt temperature. The CHD?'WGS obtained from Merck,
Sharp, and Dohme and used without further puri}icution. The specfra
were recorded using the five mctcr’Littrow'instrument and a Bauscﬁ
and Lomb'ZO x A0cm, 31.6/mm echelle in cleventh and twelfth orders.
The s1it width was varied during thé scans to keep the recorded
signal level high. “he data were recorded dipitally at a rate of

approximately 2.8 en~l /hiy and measured {rom the machine readable



records,  Resolution in the recorded spectra was between 0,015 em™l

and 0.025 cw~ 1.

Calibration

Calibration was uccomp]ish@d‘usingvthe 1-0 carbon monoxide
band occurring in eleventh and tweélfth orders, in the same fogion
as vy, Some CO lines were prcsent-in thc'spectra due-to a smali
iwpurity in the sample. The high and low wavenmber regions of
the band were calibrated with additional CO added to the sample,
and certain calibration lines were inscrted by changing grating
orders. |

Twenty-two calibration lines were used in tﬁe region 1978;
2103 cm 1 in cleventh order and thirty—fiﬁe 1in§s werc used in the
region 2082-2271 cm™! in twelfﬁh order. The standard deviations
. 1

of the calibration fits were 0.0031 ca™? for cleventh order and

0.0032 cm™} for twelfth order.

Assignment and Weighting

For J»18 the P side was too low in intensity to be observed. This
was also true in the Q region for J»22. The R side overlaps with
vy, which limited the identifiable liﬁes ﬁo J<13.

| The transition assignment of lincs up to QPK(II), QQK(lo),
and QRK(d) were made from dircct'inspection of the Sﬁcctra, since
the structures of the K series were casily reccopnizable.  Above
these J values there are obvious intensity and ffoqucncy pertur-
bations. |

The *QJ(J) lines for high J could still be identified,
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however, since these are the stronger lines in the Q repion.  The
band was fitted to the trunsitiﬁn frequency oxpression with a
least squarces regfcssion program (4,5), and unknown trnnsition
frequencies were calculated.  On the basis of these calculations
and the relative line intensities, additional high J lines in the
Q.rcgion were -identified. j

The high J.assignments in the P and R regions were made using

ground state combination differences. The combination differences

J

were calculated using values for the rotational constants Bo’ Do

and Dix-given by Blass and Edwaxds (3). By adding the combination
differcnces to the frequencies of identified transitions in the Q
repion, the frequencies of transiti;hs in the P and R regions with
the same upper state were found (thg transitions QPK(J+]), QQK(J),
and QR((J-I) have a common upber stﬁtc)‘- These calculated frequeﬁcics
wére then uécd to identify P and R lines.

Each line was assigned a relative weight between 0.1 and

1.0 by inspection, on the basis of the linc width Av. The relation

1 ‘
i welght « zg;;f ' (1)

was applicd approximately.
The Q region is shown in Figure 1, with assigned lines

indicated. The perturbations of intensity and frequency in the o,

' , .
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high J lines can be clearly scen, and the most striﬁjng feature is
the complete absence of the low X, J = 11 lines. for J»10 the
porturbﬁtions scem to be moest pronounced at the lower K values,
and the J=K lines are prominent and close to their expcctcd positions.
In most cases, if a QQK(J) transition was perturbed the apparent
intensity of the QPK(J+1) and QRK(J—I) transitions {with the same
upper state) were perturbed in a similax manner.l

As én example of the structure of the K series (fox a'giveﬁ
J) in the P and R regions of the band, Figure 2 sﬁdws the sect of
lines QPK(ID). The K? dependence of the line positions is evident.

Tables I,II, and IIT list the observed transitions in the

P, Q, and R regions, rcépccti?ely, fhe give the frequchcfrand . |

“yelative weight of each transition.

Ground State Parameters from Measurcd Combination Differences

* The ground state combination differences fG.S.C.D.) ﬁere
found from the differences between trnnsition'frequcncics represented
by |
G.5.C.0. (AJIAJZK,j )= QAJIK(JFJI\JI) - QE\J?_K(LAJZ) (é)

where J corresponds to the upper state. A weiglit for cach G.S5.C.D,

was caleulated from the weights of the two transitions using the

relation
-2
] 1

Wo.sicp, TIAG YO, . (3



The weighted G.S.C.D.'s were used to find the ground state

1 JKo 3 JK KJ . ‘
- . as A + » ¥ ass 6
0! Do, DO , ”0’ “o , and ”o 15 described by Rlass (0)

parameters B
and Blass and Edwards (7). A Jeast-squares regression ana]ysis

progran was used Lo fit the G.S.C.h.'s to.thc expression given in

{73 The program was allowcd to delete G!S.C.D.'s with weighted
residuals greﬁtor than 0.020 em™! and was allowed to omit insignificant
terms from the regression model, The final regression fitted 238

obscrved combination differences with a standard deviation of 0.0073 cm~?t

The resulting ground state paramelers are given in Table IV.

Table V provides a Comparison with results of prcviousfwork on this
molecule. To the knowledge of this auther, ne determination of
Joo K KD

s 1 or H, had been made for CHDy before this work. The

My, By

confidence intervals for the coefficients ebtaincd here are mach

4

narrower than those previously obtained.

Molecular Parameters for vz:

A least-squares Tegression analysis was performed on the

observed transitions in vy, using the transition frequency CXPYESS10n

through fourth order (6,12, 13} as the rcgrcssion mddpl. The rcgrcs#ioﬁ
préccdufc is described by Kurlat (4) and Hafford (E}.. The repression
ﬁrogrum uses the stepwise algorithm' of lifroymson (14) and

parameters not found to be stntisticallf significant are cffcctively

constrained to zero, Since the model ecquation used is a minimum



correlation mndcl_(lé) there is no guestion of constraining,
say,upper state distortion constants to be cqual to the ground
state values sinée upper state parameters do not cxplieitly occur
in the model. Tor example, the minimum correlation model

: ' J .
determines DU and p2 rather than the more highly corrclated

a0

, J o . . .
pavameters D7 and D% . The rotational coefficients determined

o]

from G.S.C.D.;s (previous section) were fixcd. Trapsitions
with weighted residuals greater than 0,015 cm-! were deleted at
ecach regression, The final rcgrcséion fitted 251 transitions
with a standard deviation of 0.0082 cm ). Table VI listg the

~determined molecular parameters for vy.



Conclusion

Highlf prccisc-ground state paramcters have been
dcfcrmincd for CHDy including Hi, HgK andiﬂiJ. Using a minimunm
correlation transition frequency medel and a stepwise regression
algorithm, all statistically significant remaining paramcters
through fourth order have been determined. Parvameters not shown
in Tables IV and VI were not found to significontly reduce the
standard deviation of the regression (4-6, 8).

The character of é perturbation oceurring for high j
levels is bricfly describod and sufficient information is
contained in TFables I-1V, VI for thg intcrested reader to further
_stuﬁ& this Icsonanée. Additional-w;rk is in pfogreés en the

resonance and any further comment would be premature.

"L
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Figure 1, QK[J) transitions in v, of CliDj.

Figure 2. QPK(lO) transitions in v, of CHDy.
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TABLLE T

NONWOoOOoOOONMNMNNUM OO

J K Freq Wt J K Freq Wt J K Freq Wt
18 17 2018.5962 1.0 13 L0 2054.4077 0.7 9 6 2082.2263 1l
18 16 2018,7180 0,2 13 9 2054.5032 1.0 9 5 2082.2B30 1la
18 15 2018.8L05 0.3 13 8 20%4.593%8 1.0 4 4 2082.3335 Q.
18 14 2018.,9084 C.2 12 7 2054.6716 0.7 9 3 2082.3782 0.
18 12 2019.1643 0.3 13 6 2054.7505 0.7 9 2 2082.409% 0.
18 11 2019.2766 0.5 13 5 2054.8218 0.7 g 1 2082.4094 0.
17T 16 20265.7751 0.1 13 4 2054.,B801 0.7 G 0 20B2.40%4 0.
17 15 2025.8665 Gl 13 1 2054.9700 0.t B 7 208B,.9702 1.
17 14 2025.,9580 D.2 13 0 2054.9T700 0.l 8 6 2C89.0242 1.
17 13 2026,0618 0.1 12 11 206142297 0.7 B 5 2089.0879% 1.
17 12 2026.1465 0.5 12 10 2061.3225 1.0 B 4 2089.13325 1.
17 L1 2026.25961 0.% 12 9 20614146 0a7 8 3 . 20B9.1736 0.
17T 10 2026.3694 0.1 12 B 2061.500% 0.5 g8 2 2089.2092 0.
16 9 2033.6572 0.1 12 7 2061.5569 0.5 8 1 2089.2092 0.
16. 8 2033.7271 0.1 12 6 2061.6191 0.5 8 0O 2089.2092 0.
16 7 2033.8320 0.5 12 5 2061.6726 0.1 7 &6 2095.8152 1.0
16 6 2033.8923 0.2 12 4 2061.7251 0.1 75 2095.8691 1.0
16 5 2033.,9797 0.3 12 2 2061.8110 0.2 7 4 2095.9138 0.5
16 4 2034.0029 0.2 12 2 2061.8586 0.4 7 3 2095.950% 0.3
16 3 2034.0784% 0.5 12 1 2061.9070 0.1 7 2 2095.9834 0.2
15 14 2040.0715% 0.1 12 0 2061.9290 0.1 7 L 2095%.9834 0.2
15 13 2040.1885 0.3 11 10 2068.2283 0.3 7 0 2095%.9834 0.2
15 12 2040.3110 0.3 11 9 2068,3215 1.0 6 5 2102.6216 1.0
15 11 2040.4167 0.1 11 B 2068.,4119 1.0 6 4 2102.6648 0.7
15 10 204045374 0.5 i1 T 2068.4902 0.7 6 3 2102.6997 0,3
15 9 2040.,6404 1.0 11 6 2068B.5603 0.5 6 2 2102.7336 0.2
15 8 2040.7280 0.3 11 5 2068.6187 0.4 6 L 2102.7336 G.2
15 7 2040.7952 0.5 11 4 2068.6T738 0.l 6 0D .2102.7236 0.2
15 & 2040.8555 1.0 11 3 2068.7141 0.1 5. 4 2109.3857 0.7
15 5 2040,9397 0.1 Ll 2 2068.7583 0.1 5 3 2109.4236 0.3
14 13 2047.1509 0.5 11 1 . 2068.7583 0.1 5 -2 2109.4514 0.1
14 12 2047.2610 0.2 i1 O 2068.7583 0.1 5 1 2109.4514 0.1
14 11 2047.3684 0.1 10 9 2075.1833 0.4 5 0 2109.4514 0.1
14 10 2047.47T00 Qol 10 8 2075.2588 0.7 4 3 211641121 0.2
14 9 2047.5735 0.5 10 T 2075.3342 1.0 4 2 2116.1396 0.1
14 B 2067.6626 0.7 10 6 2075.3999 0.7 4 1 2116.1396 0.1
14 T 2047.7654 0.7 10 5 2075.4622 1.0 4 0 2116.1396 0.1
14 6 2047.8074 0.l 10 - & 2075.5127 0.5 3 2 2122.7961 0.7
14 5 2047.83728 0.7 10 3 2075.5549 0.3 3 1 2122.7961 Q.7
Y4 3 2048.,0L76 0.7 10 2 2075.590)1 Q.2 3 0 2122.7961 0.7
14 -1 2048.0047 0.l 10 1 2075.590L 0.2 2 L 2129.4216 0.7
14 0 2048.0647 0.1 10 0. 2075.5901 0.2 2 0 2129.4216 0.1
13 12 2054.2083 0.7 9 8 20B2.0901 0.5 1 0 2136.0217 1.0
13 11 2054.3096 0.7 9 7 2082.1624 1.0

...-...__--—.,.....-.._._.....u.-..-—-_..__.-..._..—-....._.__-———.._._a._._..._..._.........__..-.....-«-.———.-—_..___'....__.._.._,.._._..........,_..
R e R Rl i — SR — =S e e e

a,, : . -
Yprequencics are in em”l,



TABLE II

Observed QQK(J) Transitions in v, of CliD,

16 13 2136.8076 2140, 6880
16 12 2136.8655 2140, 7505

16 11 2136.9290 21408113

LD ES TN N o N LT o T ER SN o oo o CODaCo oo ESoOoIDSOooD oSS oDEoDEwR

2142.5415 1.0

J K Freq Wt J K Freq Wt J K Freqg _ Wt
22 22 2131.6914 0,2 16 10 2126.9907 0,7 G 5 2140.8645 0.7
21 21 2132.6157 0.7 15 1% 2137.3469 0,3 9 4 2140,9023 0.3
21 20 2132.64062 0ol E 8 2137,9540 0.5 9 32 21409390 0.3
21 19 2Y32.7031 0.2 14 14 213B,0034 0.7 ~ 9 2 2140.9675 0.1
2% 18 Z2132.,77C0 1,0 14 13 2138,0896 0.5 8 8 2141.0183 0.5
21 LT 2132.8345 0,5 1% 12 21381946 1.0 8 T 214Y,0757 0.7
21 16 2132,87323 0,7 14 11 2138.2800 1.0 B 6 21411323 0.7
21 15 2132,9346 1.0 14 10 2138.3647 0.7 8 5 2141.1797 0.5
20 20 2133,4944 0,3 14 9 2138.4512 0.7 B8 4 2141.2£453 Go 1
20 19 2133,5174 0.3 14 8 213Ba54069 Qo7 8 3 2141,2576 0.3
20 18 2133,5574 0.7 13 12 2138.6130 1.0 B 2 2141.2820 Cal
20 17 2133.6061%2 0.7 13 12 213&.6492% 0.3 8 1 2141.2820 Gl
20 16 2133.6841 0.5 13 11 213B.7786 0.7 T 7 2146%1,3667 07
20 15 2123,7246 0.3 13 10 2138.8%91 0.7 7T 6 2141.,4183 0,7
20 14 2123.8164 1.0 13 9 2128,9297 1.0 7T 5 2141.,4737 G 7

19 19 21324,3420 0,5 13 B8 213%9.0171 1.0 T 4 2141.5105 0,5
_1% 18 2174,3762 0,5 13 7 2129:.1045 0.5 T 3 2l4le5442 0.3
19 17 2134.4260 0.7 13 6 2139,1802 0.5 7 2 214l.5662 Gol
19 16 2134,4822 0.7 12 12 2139.1802 0.5 7 1 2141.50662 0.1
19 15 2134,5420 0.3 12 11 2139.2559 1.0 6 6 2141006626 Go5
19 14 2134.6018 0.2 12 10 2129,3323 1.0 6 5 2141.7185 0.7
18 18 2135,1484 1,0 12 9 2139.4124 045 6 4 2141.7610 0.5
18 17 2135,1919 0.5 12 8 2139.4822 1.0 6 3 ZY41.79329 (063
18 16 2135.2192 0,3 12 7 2139.5486 1.0 6 2 2141.8186 Gol
18 15 2135.24€3 0.3 12 6 2139,61860 1.0 6 1 2141.81686 0.1
18 13 2135.30%8 0,2 11 11 21329.6951 0.2 5 5 2141.9363 0.7
17 17 2135.,9116 0.7 11 10 2139.7724 1.0 5 4 2141.37768 0.4
17.16 21235.9602 0.5 11 9 2139:8450 1.9 5 3 2142,0083 0.2
17 15 2126.0217 1.0 11 8 2139.9158 0.2 5 2 2142.0337 Qe
17 14 21260859 0.5 11 7 2139.56G85 05 5 1 2142.0598 0.l
17 13 21361660 05 11 6 2140,0142 0,7 4 4 Z2142.1558 0.5
17 12 2136.2595 0,1 10 10 214001836 0.7 4 3 2142.1887 0.1
17 11 212663455 0,1 10 9 2140.2637 Qal 4 2 2142,2107 0.1
17 10 21260392) 0.1 10 8 2140,3395 1,0 4 1 2142.2107 0.1
17 9 21326,4622 0.5 10 7 2140,4055 1.0 3 3 2142.3286 0.2
1T B 2136.5181 0.2 10 6 21404629 1.0 3 2 21423447 Q.1
16 16 213646216 1.0 5 2140:5142 1.0 3 01 21423447 Q.1
16 15 21326.685) 1.0 4 2140.5598 0.5 2 2 2142,4609 0.5
16 14 21367444 1.0 9 2140.6182 0.2 2 1 2142:.4609 0.5
l.0 8 1.0 1 1
0.1 7 1,0
0. 2 6 1.0

a . . -
Frequencics arce in om™ .



TABLE T1I

Observed QRK(J) Transitions in vy, of CHD,

D 2149,1094 § 2197%,5676 2211.990% 0
1 2155,5896 4 21925959 2212, 0764 0
0 2155.:.5896 3 2193.6317 2212.1104 0O
2 2152.0374 2 219346467 2212.1584 0
1 2162,0374 1 219346497 2212.1584 0
0 2162.0%74 0 2193, 6497 22121584 0
3 2168.4214 8 2199,6023 2217.,7275.0
2 21684468 7 215946597 2217, 7942 O
1 2168,4468 6 2199,7112 2217. 8447 ©
0 2168, 4468 5 21997559 2217,89%4 0
L 21T6.7561 & 2199,7939 2217.9529 1
3 2174y 7947 3 2199 8455 2218,0076 1
2 2174,1547 2 2199,8455 2218.0613 0
1 217407647 1 2199.8455 22181006 G
0 21747647 0 2199.8455 2223.6614 0
§ 2181.0471 g 2205.706) 2223.7207 O
4 21R1.0835 B 2205.7732 2223,7725
3 7 1
2 6 1
) 5 1
0 4 0
6 3 0
5 2 0
A 1 0
3 0 0
2 0 0
1 9 0
0 8 0
7 7 0
& 6 4!

—
s .
SN B OO O W e

A &6 © v & & 2 ¢ 3
¢ o a @ e @

Ed o a3

T @2 % b 9 w0

21811135 2205, 8284 2223.8396
220548767
220543202
2205.26064
2205,9961
2205.,9961
22059961
2205.9961
221167310
2231e7917
2211.8379

e o 6 B & 8

2223, 5050
2223,97326
2224.028)
12 5 2224,0576
13 13 2229.5479
13 12 2229.6235
12 11 2229.6721
13 10 2225.75%3
13 9 222%5.80069

2181.,1331
21811231
2181,1331
2187.2803
Z187.2230
2 BT, 2674
2187.3560
2187, 4128
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TABLE "1V

GROUND STATE PARAMETERS FOR CHDga

1!

It

il

1

il

3.279053% + 0.00006F cm™?

5.010 x 107% + 0.019 x 107% em”}

-4.037 x 1075 % 0.069 x 107° en”!

1.020 x 1078

~-%.80 x 1078

+

.‘.

0.059 x 1078 em™?

0.15 x 1078 cm™!

5.15 x 1078 + 0.40 x 1078 e}

g S _ ; . .
“Error limits given correspond to a 95 percent confidence interval (8).




TABLE V

RESULTS OF PREVIOUS STUDIES

Band B (cn” 1 D‘lK (em™ ) D‘; (em™ )
v+, 3“;; + 0.0005 = (-4.0 % 1.2} x 107° (5.2 % 0“5)}( 107°
2v5‘b : 3.2%8 + 0.001 | 4 x 107°

._ vl-c E 3.2792 “ : 4.6 x 107°
2vy d 3.2777 -4 x 1075 3.9 x .10‘5
4vy ¢ 3.2787 + 0.001 3.5 x 1075 4.6 x 107°
3, ¢ 3.2784 - , ‘5 x 1075

8plass and Edwards (3).

bAlicn and Plyler (g).

CRe& and Thompson (2).

dh’i,ggins_, Shull, Bennett, and Rank (10).
eBovey (11). -



TABLE VI

MOLECULAR PARAMETLERS FOR vza

v, = 2142.5776
Gb =1.7549x 1072 + 0.0010 x 1072
uﬁ - ag « 4.700 x 1073 + 0.022 x 1073
B§_= 1.0045 x 1075 + 0.0064 x 107°
835 = -7.576 x 1076 & 0.054 x 1076
8 = -9.03 x 1077 + 0.43 x 10-7

a, S . - ny .
Error limits given correspond to a 95 percent confidence interval (8).



List of Symbols

v low case Greek letter 'nu!

o lower case Greck letter 'alpha'
B lower case Greek Letter 'beta’
> 'sreater than' sign

< 'less than' sign

A upper case Greek letter ‘delta’
o 'proportional to' sign

Y square root symbol



